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Abstract. —The taxonomic status of Simulium parnassum Malloch was investigated cy-

tologically and morphologically. Specimens were collected at 44 localities from the Gaspe
Peninsula of Quebec to northern Alabama. A previously unreported pupal form of S.

parnassum from two streams in South Carolina and one stream each in North Carolina

and Massachusetts lacked the typical rugose sculpturing on the dorsum of the head and

thorax. No additional structural characters in any life stage differentiated the two forms.

A standard map of the silk-gland chromosomes was constructed and compared with the

standard map for the subgenus Simulium. Simulium parnassum differed from the subge-

neric standard by six inversions in IL, one in IIL, three in IIS, and an unresolved number
in IIIL. Placement of S. parnassum in a separate species group, the S. parnassum species

group, in the subgenus Simulium is suggested on the basis of cytological evidence. No
fixed rearrangements were found among populations of S. parnassum from Quebec to

Alabama nor between populations of smooth and rugose pupal forms. A Y-linked poly-

morphism was observed in the centromere region of chromosome I in some males, but it

was not associated with either pupal form. Present evidence indicates that S. parnassum
is a single species throughout its range.
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Simulium parnassum is one of the most presence of a medially directed lobe on the

distinctive members of the subgenus 5"/- gonostylus. The homology of this lobe,

mulium in the Nearctic Region (Stone however, is questionable based on differ-

1964). The female is shiny black and each ences in location, size, and vestiture. Ac-

claw is long and nearly sigmoidal, with a cordingly, a reevaluation of the phyloge-

small tooth near its midlength. The pupal netic placement of S. parnassum is war-

gill of six filaments and the simple, slipper- ranted.

shaped cocoon are similar to those of the S. Simulium parnassum was described from

tuberosum and S. venustum species groups, females taken in northern New Hampshire

but the rugose head and thorax are unique. (Malloch 1914). Dyar and Shannon (1927)

The deeply incised, triangular postgenal described a male from eastern Virginia as

cleft of the larva is distinctive. Despite the S. hydationis, which was synonymized with

unique attributes of S. parnassum, this spe- S. parnassum by Stone and Jamnback
cies has been assigned to the S. tuberosum (1955). All life stages of S. parnassum have

species group (Crosskey and Howard been described and figured (Stone and

1997), ostensibly because of perceived sim- Jamnback 1955, Davies and Peterson 1956,

ilarities in the male genitalia, notably the Davies et al. 1962, Wood et al. 1963, Stone
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Table \. Numbers of two pupal forms (rugose,

smooth) of Simulium parnassum collected at Smith

and Abner Creeks in Pickens County, South Carolina,

1998-1999.

Smith Creek Abner Creek

Ru-
gose Smooth

Ru-
gose Smooth

1998 25 April 2 2 June 12

1998 5 May 4 9 June 20

1998 14 May 2 11 June 1 23

1998 23 May' 1 4 23 June' 1

1999 10 May 1 1 June 1 12

1999 15 May 1 1 5 June 11

1999 18 May 1 5 10 June' 26

1999 21 May 3 36

1999 24 May 1 30

1999 28 May 17

1999 1 June' 4

' No pupae found beyond these dates.

and Snoddy 1969, Adler and Kim 1986).

The polytene chromosomes have not been

studied, although Rothfels (1979) com-

mented briefly on the banding sequence of

two of the six chromosomal arms. Conse-

quently, S. parnassum has not been inves-

tigated for sibling species, which are com-
mon among black flies (Adler 1988).

This species occurs in eastern North

America from Canada to the southern end

of the Appalachian Mountains (Stone and

Snoddy 1969), with an isolated record from

Missouri (Doisey et al. 1986). The imma-
ture stages occupy cool, rocky, forest

streams (Davies et al. 1962, Adler and Kim
1986). Females are mammalophilic (Fuller

1940, Downe and Morrison 1957, Addison

1980) and can be pests of humans (Adler

and Kim 1986, Gibbs et al. 1986).

Our objectives were to screen S. parnas-

sum for sibling species, using morphology

and polytene chromosomes, and to resolve

its chromosomal banding sequence relative

to the subgeneric standard of Rothfels et al.

(1978), with the intent of gaining phylo-

genetic insight.

Materials and Methods

Larvae and pupae of S. parnassum were

collected from 1998 to 1999 at 44 sites

from the Gaspe Peninsula of Quebec to

northern Alabama, and were fixed in Car-

ney's solution (1 part glacial acetic acid: 3

parts 95% ethanol). Additional pupae were

reared individually to adults on moist filter

paper in petri dishes.

Seasonal sampling of larvae and pupae

was conducted at Smith Creek (35°0.17'N

82°49.01'W) and Abner Creek (35°4.27'N

82°47.11'W) in Pickens Co., South Caroh-

na. Streams were sampled every 10 days in

1998 and every three days in 1999. In 1998,

Smith Creek was sampled 3 March-11 Au-

gust and Abner Creek 13 May- 11 August.

In 1999, both streams were sampled 17

March-26 June.

Polytene chromosomes were prepared

from larval silk glands, using the Feulgen

method of Rothfels and Dunbar (1953). A
standard chromosome map was constructed

for S. parnassum, following the procedures

and nomenclature of Rothfels et al. (1978).

The banding pattern of the standard map
was compared with that of the subgeneric

standard of Rothfels et al. (1978). For chro-

mosomal arms of S. parnassum that had

banding patterns identical to those of the

subgeneric standard, the subgeneric num-
bering was preserved. Chromosome arms

of S. parnassum that were rearranged rela-

tive to the subgeneric standard were given

new section numbers to provide a continu-

ous sequence. Slide-mounted chromosomes

of larvae from 15 of the 44 collection sites

(see Chromosomal Material Examined)
were compared band for band against the

standard map of S. parnassum in a search

for rearrangements within and between
populations of S. parnassum. Specimens

and chromosomal photographic negatives

and working maps were deposited in the

Clemson University Arthropod Collection,

Clemson, South Carolina.

Chromosomal material examined (num-

bers of each sex refer to larvae for which all

chromosomal bands were read). —ALA-
BAMA: Talladega Co., Cheaha State Park,

Cheaha Creek, 33°28.27'N 85°49.07'W, 27

March 1998 (1 6); 19 May 1998 (9 9);
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Figs. 1-2. Cephalic plates of pupal exuviae of Simulium parnassum. 1, Rugose form (Smith Creek, Pickens
Co., South Carolina, 18 May 1999). 2, Smooth form (Abner Creek, Pickens Co., South Carolina, 11 June 1998).
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Figs. 3-5. Silk-gland chromosomes of Similium pamassum. with landmarks of Rothfels et al. (1978); C =

centromere region. 3, Chromosome arm IS. Numbers indicate section numbers for both 5. pamassum standard

sequence and Simidium subgeneric standard of Rothfels et al. (1978). Male from South Carolina, Pickens Co.,

Oil Camp Creek. 8 May 1998 (sections 1 to center of section 13) plus female from Massachusetts, Berkshire

Co., 29 June 1998 (section 20 to center of section 13); Gl = glazed, 2 = two blocks. 3 = three heavy. 4,

Chromosome arm IL. Numbers on top of chromosome indicate S. pamassum standard banding sequence; bottom

numbers correspond with those of Simulium subgeneric standard of Rothfels et al. (1978). Brackets indicate

inversions relative to Simulium subgeneric standard of Rothfels et al. (1978); numbered brackets indicate se-

quence in which overlapping inversions occurred. Arrows indicate breakpoints for complex of three inversions

relative to subgeneric standard. Female from Georgia, Dade Co., 19 May 1998; Ma = marker, Sp = spongy. 5,

Centromere region of chromosome I. Male from Georgia, Dade Co., 19 May 1998; C = condensed, Y-linked

centromere band.

Cheaha State Park, Dry Creek, 33°28.23'N

85°48.72'N, 19 May 1998 (1 c?, 6 9);

GEORGIA: Dade Co, Johnson's Crook,

NewsomeGap Road, 0.8 km west of Moore
Rd., 34°47.23'N 85°28.25'W, 19 May 1998

(2 c?, 7 9); MASSACHUSETTS:Berkshire

Co., Jug End Rd., 0.24 km west of Guilded

Hollow Road, 42°8.99'N 73°26.98'W, 29

June 1998 (2 6, 16 9); NEWHAMP-
SHIRE: Carroll Co., Bear Notch Rd., 3.2

km north of SR 112, 44°1.50'N

71°19.13'W, 24 July 1998 (1 6)\ Grafton

Co., SRI 18, 10.5 km southwest of SR 112,

43°59.00'N 71°47.93'W, 24 July 1998 (2 6,

7 9); NEWJERSEY: Sussex Co., Tillman

Brook, 41°0.15'N 74°0.86'W, 22 June 1998

(1 d, 4 9); NORTHCAROLINA: Hay-

wood Co., US Rt. 276, 1.6 km north of Cru-

so, 35°26.4'N 82°48.8'W, 7 June 1998 (2

6); Madison Co., Silver Mine Creek

35°0.53'N 82°0.48'W, 14 May 1998 (3 S,

2 9); SOUTHCAROLINA: Pickens Co.,

Abner Creek, SR 1 105, 4.8 km east of Hwy
178, 35°4.27'N 82°47.11W', 23 May 1998

(14 (?, 5 9); 2 June 1998 (10 9); Oil Camp
Creek, Oil Camp Creek Rd., 0.8 km west
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Fig. 6. Chromosome arm IIS of Siimilium parnassum, with landmarks of Rothfels et al. (1978). C = cen-

tromere region. Section numbers on bottom indicate S. parnassum standard banding sequence; those on top refer

to SimuUitm subgeneric standard sequence of Rothfels et al. (1978). Bracket indicates B inversion of Rothfels

et al. (1978). Arrows indicate breakpoints of two overlapping inversions relative to subgeneric standard. Female

from Massachusetts, Berkshire Co., 29 June 1998. Bu = bulge, Rb = ring of Balbiani, Tr = trapezoidal.

of River Falls Rd., 35°6.65'N 82°34.08'W,

8 May 1998 (7 c?, 1 9); TENNESSEE:
Monroe Co., Buckhom Cr., 35°19.98'N

84°9.83'W, 6 June 1998 (2 6)\ VIRGINIA:
Augusta Co., East Dry Branch, SR 688, 3.2

km north of SR 42, 38°12.70'N
79°16.3rw, 25 June 1998 (8 9); NEW
BRUNSWICK: Restigouch Co., Collector

Hwy. 180, 37 km west of Bathurst, 27 July

1998 (3 S, 12 ?); QUEBEC, Gaspe Pen-

insula, Hwy. 132, 5.6 km south of Routh-

ierville, 29 July 1998 (5 6, 19 $).

Results

Two pupal forms of S. parnassum were

discovered among the 472 pupae examined.

Rugose pupae had a raised pattern of retic-

ulation on the dorsal surface of the head

and thorax (Fig. 1). Smooth pupae lacked

surface sculpturing, although the pattern of

rugosity could be seen, with substage light-

ing, as a vague outline on the head and tho-

rax of the pupal exuviae (Fig. 2). Interme-

diates between the smooth and rugose

forms were not found. No additional mor-

phological characters in larvae, pupae, or

adults were found that correlated with the

smooth and rugose pupal forms.

Smooth pupae were collected from four

streams. They were found with the rugose

form in streams in Pickens Co., South Car-

^
IL..Pl\ '^ ho
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Fig. 7. Chromosome arm IIIS of SimiiUum parnassum, with landmarks of Rothfels et al. (1978). C =

centromere region. Section numbers are those of both S. parnassum standard banding sequence and Simulium

subgeneric standard of Rothfels et al. (1978). Male from South Carolina, Pickens Co., Oil CampCreek, 8 May
1998. Bl = blister, Ca = capsule.
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Figs. 8-9. Silk-gland chromosomes of S. parnassum, with landmarks of Rothfels et al. (1978). C = centro-

mere region. 8, Chromosome arm IIL. Section numbers refer to Simulium parnassum standard banding sequence.

Bracket indicates simple inversion relative to Simulium subgeneric standard of Rothfels et al. (1978). Female

from Tennessee, Monroe Co., 6 June 1998 (sections 55 through 70) plus female from North Carolina, Haywood
Co., 7 June 1998 (section 71). DNA = DNA puff, gB = gray band, Po = polar, St = saw tooth, Sy =
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olina (Smith and Abner creeks), where they

were the predominant form, and in Berk-

shire Co., Massachusetts. In Transylvania

Co., North CaroHna (South Prong Gladdy

Fork), one smooth pupa and no rugose pu-

pae were collected. Pupae from near the

type localities of S. parnassum and S. hy-

dationis were rugose. No differences in sea-

sonality were detected in streams where

both pupal forms occurred (Table 1), al-

though the rugose form was infrequent in

these streams. Seasonal differences, how-

ever, might have been apparent if popula-

tions of each form had been larger.

In Smith Creek, where a minimum-max-
imum thermometer had been placed, larvae

first appeared on 13 March 1998; water

temperature was 3.0-9.0°C for the three

days prior to collection. Pupae were first

found in Smith Creek on 25 April 1998;

water temperature was 11.0-12.0°C during

the 11 days prior to collection. In 1998, the

last larvae were found at Smith Creek on 2

June (water temperature for 9 days prior to

collection = 17.5-18.5°C) and in 1999 on

1 June (water temperature for 3 days prior

to collection = 17.5-18.0°C). Pupae were

first collected from Abner Creek on 2 June

1998 (temperature at time of collection =

18.0°C) and 1 June 1999 (16.0°C). The last

larvae and pupae were collected from Ab-

ner Creek on 23 June 1998 (18.0°C) and 10

June 1999 (15.0°C).

Of 2 1 1 larvae prepared for chromosomal

analysis, 72% were read, band for band, in

their entirety. The banding sequences of the

short arms of chromosomes I and III (Figs.

3, 7) matched those of the subgeneric stan-

dard, although we were unable to match all

of the fine bands in the base of IS (sections

19 and 20). The remaining four arms had

fixed rearrangements relative to the subge-

neric standard. IL had one central inversion,

two overlapping basal inversions, and a

complex of three inversions distally (Fig.

4). IIS carried the B inversion of Rothfels

et al. (1978), plus two additional inversions

(Fig. 6). IIL had one central inversion (Fig.

8). The IIIL arm, with the nucleolar orga-

nizer displaced more distally relative to the

subgeneric standard, was highly rearranged

(Fig. 9). Many bands could be recognized,

but we conservatively matched only the

bands in the base of IIIL, relative to the

subgeneric standard, and indicated the char-

acteristic "marker" (sensii Rothfels et al.

1978), which was partitioned by rearrange-

ments into two pieces.

Wefound no fixed or floating inversions

in our material relative to the S. parnassum

standard sequence. Chromosome I is impli-

cated as the sex chromosome. Two males

from Georgia (Newsome Gap Road) had

differentiated centromere regions in chro-

mosome I; the centromere band of one ho-

mologue was expanded (standard) more
than the other (Fig. 5). About 52% of males

(n = 44) from other sites showed a failure

to pair on either side of the centromere of

chromosome I. This failure to pair was

found at sites with and without the two pu-

pal forms. One male from Abner Creek (13

May 1998) was heterozygous for expres-

sion of the nucleolar organizer. Simulium

parnassum was otherwise chromosomally

monomorphic.

Discussion

A new pupal form of S. parnassum was

discovered in which the reticulation of the

head and thorax, long used as a diagnostic

character (e.g.. Stone and Jamnback 1955),

was absent. No intermediates between

smooth and rugose pupae were found; how-

symmetrical, 3 = three sharp. 9, Chromosome arm IIIL. Section numbers on bottom indicate S. parnassum

standard banding sequence; those on top refer to Simulium subgeneric standard sequence of Rothfels et al.

(1978). Arrows indicate breakpoints of inversions. N.O. = nucleolar organizer, M = marker (divided in two

pieces). Female from South Carolina, Pickens Co.. Oil Camp Creek, 14 May 1998.
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ever, we discovered no additional informa-

tion, either morphological, chromosomal,

distributional, or seasonal, to suggest that

two species are present. The synonymy of

S. hydationis with S. parnassum (Stone and

Jamnback 1955) is justified, both morpho-

logically and cytologically, because mate-

rial from near the two type localities was

morphologically and chromosomally ho-

mogeneous. However, the possibility that

the two pupal forms of 5". parnassum rep-

resent homosequential species or that hom-
osequential sibling species exist, as they do

in other black flies (e.g., Henderson 1986),

cannot be excluded.

Relative to the Simulium subgeneric stan-

dard of Rothfels et al. (1978), we found

only two inversions that are shared with

other taxa. The IIS-B inversion of Rothfels

et al. (1978) is shared with most species in

subgenus Simulium (Adler et al. 1999), as

is an inversion in IIIL that has one of its

breakpoints at the 91/94 junction (Fig. 9)

(Adler, unpublished). Because IIIL is not

fully resolved, shared inversions with other

taxa could be present. The remaining in-

versions in IL, IIS, and IIL are apparently

autapotypic for S. parnassum. Chromosom-
al evidence does not suggest a relation with

the S. tuberosum species group, which is

defined by at least eight unique rearrange-

ments, including four in IIL (Adler and Ku-

usela 1994), nor does it provide resolution

of relationship with other species groups.

Tentative placement of S. parnassum in a

separate species group, the S. parnassum

species group, is therefore more appropri-

ate.

Simulium parnassum was univoltine in

South Carolina. In Pennsylvania, it has

been considered univoltine but with over-

lapping cohorts (Tessler 1991). Other au-

thors (e.g.. Stone and Snoddy 1969, Cupp
and Gordon 1983) suggest that S. parnas-

sum completes more than one generation

per year, although conclusive evidence sup-

porting these claims is lacking.

Based on the results of our study, we
consider S. parnassum a single species, al-

beit polymorphic in pupal surface texture.

We suggest, however, that additional (e.g.,

molecular) evidence be brought to bear to

corroborate or falsify this hypothesis.

Acknowledgments

We thank D. C. Currie, J. C. Morse, and

A. G. Wheeler for reviewing the manu-

script, and C. E. Beard for technical assis-

tance. This work was supported, in part, by

grant no. DEB-9629456 from the National

Science Foundation to PHA. This is Tech-

nical Contribution No. 4545 of the South

Carolina Agriculture & Forestry Research

System.

Literature Cited

Addison, E. M. 1980. Transmission of Dirofilaria ursi

Yamaguti, 1941 (Nematoda: Onchocercidae) of

black bears (Ursus americanus) by blackflies

(Simuliidae). Canadian Journal of Zoology 58:

1913-1922.

Adler, P. H. 1988 ["198V]. Ecology of black fly sib-

ling species, pp. 63-76. In Kim, K. C. and R. W.

Merritt, eds.. Black Flies: Ecology, Population

Management, and Annotated World List. Penn-

sylvania State University, University Park, Penn-

sylvania, 528 pp.

Adler, P H. and K. C. Kim. 1986. The black flies of

Pennsylvania (Simuliidae, Diptera). Bionomics,

taxonomy and distribution. Pennsylvania State

University Agricultural Experimental Station Bul-

letin 856: 1-88.

Adler, P. H. and K. Kuusela. 1994. Cytological iden-

tities of Simulium tuberosum and S. vulgare (Dip-

tera: Simuliidae), with notes on other Palearctic

members of the S. tuberosum species-group. En-

tomologica Scandinavica 25: 439-446.

Adler, R H., B. Malmqvist, and Y. Zhang. 1999. Black

flies (Diptera: Simuliidae) of northern Sweden:

taxonomy, chromosomes, and bionomics. Ento-

mologica Scandinavica 29:361-382.

Crosskey, R. W. and T. M. Howard. 1997. A new tax-

onomic and geographical inventory of world

blackflies (Diptera: Simuliidae). The Natural His-

tory Museum, London, 144 pp.

Cupp, E. W. and A. E. Gordon. 1983. Notes on the

systematics, distribution and bionomics of black

flies (Diptera: Simuliidae) in the northeastern

United States. Search: Agriculture 25: 1-75.

Davies, D. M. and B. V. Peterson. 1956. Observations

on the mating, feeding, ovarian development, and

oviposition of adult black flies (Simuliidae: Dip-

tera). Canadian Journal of Zoology 34: 615-655.

Davies, D. M., B. V. Peterson, and D. M. Wood. 1962.



VOLUME102, NUMBER4 851

The black flies (Diptera: Simuliidae) of Ontario.

Part I. Adult identification and distribution with

descriptions of six new species. Proceedings of the

Entomological Society of Ontario 92: 70-154.

Doisey, K. E.. R. D. Hall and E J. Fischer. 1986. The

black flies (Diptera: Simuliidae) of an Ozark

stream is southern Missouri and associated water

quality measurements. Journal of the Kansas En-

tomological Society 59: 133-142.

Downe, A. E. R. and P. E. Morrison. 1957. Identifi-

cation of blood meals of blackflies (Diptera: Sim-

uliidae) attacking farm animals. Mosquito News
17: 37-40.

Dyar, H. G. and R. C. Shannon. 1927. The North

American two-winged flies of the family Simuli-

idae. Proceedings of the United States National

Museum 69: 1-54.

Fuller, H. S. 1940. Black-flies bite woodchuck. Bul-

letin of the Brooklyn Entomological Society 35:

155.

Gibbs, K. E., F C. Brautigam, C. S. Stubbs and L. M.

Zibilske. 1986. Experimental applications of B.t.i.

for larval black fly control: persistence and down-

stream carry, efficacy, impact on non-target in-

vertebrates and fish feeding. Maine Agricultural

Experiment Station Technical Bulletin 123: 1-25.

Henderson, C. A. P. 1986. Homosequential species 2a

and 2b within the Prosimuliiim onychodactylum

complex (Diptera): temporal heterogeneity, link-

age disequilibrium, and Wahlund effect. Canadian

Journal of Zoology 64: 859-866.

Malloch, J. R. 1914. American black flies or buffalo

gnats. United States Department of Agriculture,

Bureau of Entomology Technical Series 26: 1-72.

Rothfels, K. H. 1979. Cytotaxonomy of black flies

(Simuliidae). Annual Review of Entomology 24:

507-539.

Rothfels, K. H. and R. W. Dunbar. 1953. The salivary

gland chromosomes of the black fly Simulium vit-

tatum Zett. Canadian Journal of Zoology 3 1 : 226-

241.

Rothfels, K. H., R. Feraday, and A. Kaneps. 1978. A
cytological description of sibling species of Si-

mulium venustum and S. verecundum with stan-

dard maps of the subgenus Simulium Davies [.y/c]

(Diptera). Canadian Journal of Zoology 56: 1 1 10-

1128.

Stone, A. 1964. Guide to the insect of Connecticut.

Part VI. The Diptera or true flies of Connecticut.

Ninth Fascicle. Family Simuliidae and Thaumal-

eidae. State Geological and Natural History Sur-

vey of Connecticut Bulletin 97: 1-126.

Stone, A. and H. A. Jamnback. 1955. The black flies

of New York State (Diptera: Simuliidae). New
York State Museum Bulletin 349: 1-144.

Stone, A. and E. L. Snoddy. 1969. The black flies of

Alabama (Diptera: Simuliidae). Auburn Univer-

sity. Agricultural Experiment Station Bulletin 390:

1-93.

Tessler, S. 1991. Structure of a mountain black fly

community (Diptera: Simuliidae), Ph.D. Thesis,

Pennsylvania State University, University Park,

213 pp.

Wood, D. M., B. V. Peterson, D. M. Davies, and H.

Gyorkos. 1963. The black flies (Diptera: Simulii-

dae) of Ontario. Part II. Larval identification, with

descriptions and illustrations. Proceedings of the

Entomological Society of Ontario 93: 99-129.


